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4
What’s the Point?
Points of Concurrency

Learning Goals
• Construct the circumcenter, incenter, centroid, 

and orthocenter.
• Use points of concurrency to construct the inscribed 

and circumscribed circles of a triangle.
• Understand that the three medians of a triangle 

meet at a point.

You have constructed the perpendicular bisector of a line segment and the angle bisector of an 
angle. What happens when you make these constructions on all sides or all angles of a triangle?

Key Terms
• concurrent
• point of concurrency
• circumcenter
• circumscribed circle
• incenter

• median
• centroid
• altitude
• orthocenter

Warm Up
1.  Describe how you can 

construct a perpendicular 
bisector. 

2.  Describe how you can 
construct an angle bisector.
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M1-56   •   TOPIC 1: Composing and Decomposing Shapes

GETTING STARTED

It Comes Back Around

You have used circles to explore relationships involving triangles. 
Let’s investigate what happens when you connect any three points on a 
circle to create different types of triangles.

1.  Construct a circle and label the center. Then, draw any three points 
on the circle. Draw chords between the points to create a triangle.

2.  What is the relationship between the center of the circle and 
each vertex of your triangle?

3.  Compare your triangle with your classmates’ triangles. What do 
you notice?

4.  Draw three lines, each of which passes through the center of the 
circle and through a vertex of your triangle.

The lines you drew are concurrent lines. Concurrent lines, rays, and line 
segments are three or more lines, rays, or line segments intersecting at a 
single point. 

5.  Are there other sets of three lines that pass through the center 
of the circle? Explain your reasoning.

The point of 
concurrency is 
the point at which 
concurrent lines, 
rays, or line segments 
intersect.
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AC TIVIT Y

4.1 Investigating the Circumcenter

Tiago and Lezlee have been given the task 
of building an information kiosk for the zoo. 
They want the kiosk to be easily accessible 
from each of the various exhibits. Three of 
the exhibits at the zoo are shown.

1.  Tiago suggests building the kiosk so that it is equidistant from 
Giraffrica and Primate Paradise.

a. Lezlee says that for the kiosk to be equidistant from 
Primate Paradise and Giraffrica, it must go at the midpoint 
of the line segment between the two exhibits. Is Lezlee 
correct? Explain your reasoning.

b. Use a construction to show all possible locations of the kiosk 
so that it is equidistant from Giraffrica and Primate Paradise. 
Explain your reasoning.

Primate Paradise Giraffrica

Elephantastic
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M1-58   •   TOPIC 1: Composing and Decomposing Shapes

2.  Lezlee suggests building the kiosk so that it is equidistant from 
Elephantastic and Primate Paradise. Use a construction to show 
all possible locations of the kiosk so that it is equidistant from 
these two exhibits. Explain your reasoning.

3.  Tiago then wonders where the kiosk could be built so 
that it is equidistant from Elephantastic and Giraffrica. 
Use a construction to show all possible locations of the kiosk 
so that it is equidistant from these two exhibits. Explain 
your reasoning.

4.  Describe how to determine a location that is the same 
distance from all three exhibits. Is there more than one 
possible location that is equidistant from all three exhibits? 
Explain your reasoning.

5. Verify that the location you described in Question 4 is 
equidistant from each exhibit.
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You constructed a point of concurrency using the perpendicular bisectors 
of a triangle.

6. Construct the three perpendicular bisectors of each triangle.

Perpendicular Bisectors

Acute Triangle
(Not Equilateral)

Obtuse Triangle

Right Triangle Equilateral Triangle

7. Make a conjecture about the location of the intersection of the 
three perpendicular bisectors of any triangle. Is the intersection 
located inside, outside, or on the triangle?
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M1-60   •   TOPIC 1: Composing and Decomposing Shapes

The circumcenter is the point of concurrency of the three perpendicular 
bisectors of a triangle.

8. Consider the four triangles and the perpendicular bisectors 
you constructed.

a. Measure the distance from the circumcenter to each vertex 
of the triangle. Is the circumcenter always, sometimes, or 
never equidistant from each vertex of the triangle? 
Explain your reasoning.

b. Measure the distance along each perpendicular from the 
circumcenter to each side of the triangle. Is the circumcenter 
always, sometimes, or never equidistant from each side of the 
triangle? Explain your reasoning.

 9. Revisit the triangles with perpendicular bisectors. Use a 
compass to construct the circumscribed circle of each triangle. 

10. What does the circumcenter tell you about the relationship 
between circles and triangles? Explain your reasoning.

A circumscribed 
circle is a circle that 
passes through all the 
vertices of a polygon. 

Circle Q is 
circumscribed 
around nABC.

Q
B C

A
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AC TIVIT Y

4.2 Investigating the Incenter

Two major highways leading out of Northville and 
Eastville meet in Midville.

A developer wants to build a shopping center that 
is equidistant from each highway.

1. Use a construction to show all possible 
locations of the shopping center so that it 
is equidistant from each highway. Explain 
your reasoning.

The Northeast Highway will be built to connect Northville and Eastville. 
The developer decides to build the shopping center equidistant from the 
three highways.

2. Use constructions to determine whether there is a single 
point that is equidistant from the three highways. Explain 
your reasoning.

Northville

Midville Eastville

N
or

th
 H

ig
hw

ay

East Highway
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M1-62   •   TOPIC 1: Composing and Decomposing Shapes

3. Construct the three angle bisectors of each triangle.

Angle Bisectors

Acute Triangle
(Not Equilateral)

Obtuse Triangle

Right Triangle Equilateral Triangle

4. Make a conjecture about the location of the intersection of the 
three angle bisectors of any triangle. Is the intersection located 
inside, outside, or on the triangle?
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The incenter is the point of concurrency of the three angle bisectors 
of a triangle.

5. Consider the four triangles and the angle bisectors 
you constructed.

a. Measure the distance from the incenter to each vertex of the 
triangle. Is the incenter always, sometimes, or never equidistant 
from each vertex of the triangle? Explain your reasoning.

b. Measure the perpendicular distance from the incenter to each 
side of the triangle. Is the incenter always, sometimes, or 
never equidistant from each side of the triangle? 
Explain your reasoning.

6. Revisit the triangles with angle bisectors. Use a compass 
to construct the inscribed circle of each triangle. 

7. What does the incenter tell you about the relationship between 
circles and triangles? Explain your reasoning.

Remember:

An inscribed circle is 
a circle drawn inside 
a polygon such that 
it is tangent to each 
side.

Circle Q is inscribed 
in nABC.

Q

B C

A
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M1-64   •   TOPIC 1: Composing and Decomposing Shapes

Investigating the Centroid
AC TIVIT Y

4.3

A median of a triangle is a line segment that connects a vertex to the 
midpoint of the opposite side.

1. Construct the three medians of each triangle.

Medians

Acute Triangle
(Not Equilateral)

Obtuse Triangle

Right Triangle Equilateral Triangle
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2. Make a conjecture about the location of the intersection of 

the three medians of any triangle. Is the intersection located 
inside, outside, or on the triangle?

The centroid is the point of concurrency of the three medians of a triangle. 
It is also known as the center of gravity.

3. Consider the four triangles and the medians you constructed.

a. Measure the distance from the centroid to each vertex of the 
triangle. Is the centroid always, sometimes, or never equidistant 
from each vertex of the triangle? Explain your reasoning.

b. Measure the perpendicular distance from the centroid to 
each side of the triangle. Is the centroid always, sometimes, 
or never equidistant from each side of the triangle? 
Explain your reasoning.

The centroid divides each median into two line segments. 

4. Compare the distance from the centroid to the vertex and the 
distance from the centroid to the midpoint of the opposite side in 
each of the triangles in the graphic organizer. What is the ratio?
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Investigating the Orthocenter
AC TIVIT Y

4.4

An altitude of a triangle is a line segment that is perpendicular to a 
side of the triangle and has one endpoint at the opposite vertex.

1. Construct the three altitudes of each triangle.

Altitudes

Acute Triangle
(Not Equilateral)

Obtuse Triangle

Right Triangle Equilateral Triangle
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2. Make a conjecture about the location of the intersection of 

the three altitudes of any triangle. Is the intersection located 
inside, outside, or on the triangle?

The orthocenter is the point of concurrency of the three altitudes 
of a triangle.

3. Consider the four triangles and the altitudes you constructed.

a. Measure the distance from the orthocenter to each vertex of 
the triangle. Is the orthocenter always, sometimes, or never 
equidistant from each vertex of the triangle? 
Explain your reasoning.

b. Measure the perpendicular distance from the orthocenter 
to each side of the triangle. Is the orthocenter always, 
sometimes, or never equidistant from each side of the 
triangle? Explain your reasoning.
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NOTES TALK the TALK

I Concur

Look back at the points of concurrency you determined for the diff erent 
triangles in this lesson.

1. Complete the table to describe the location of each point of 
concurrency for acute, obtuse, and right triangles.

 

Point of 
Concurrency

Acute 
Triangle

Obtuse 
Triangle

Right 
Triangle

Circumcenter

Incenter

Centroid

Orthocenter

2. Examine the circumcenter, incenter, centroid, and orthocenter 
for each equilateral triangle. What do you notice?

3. What is the minimum number of lines you need to construct 
to identify the circumcenter, incenter, centroid, and 
orthocenter of a triangle? Explain your reasoning.
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4. Determine which point of concurrency is most appropriate in 
each situation.

a. A flea market is situated on a triangular piece of land. 
Each entrance is located at one of the three vertices of 
triangle. Joanie wants to set up her merchandise at a 
location that is equidistant from all three entrances.

b. An artist is building a mobile with several metal triangles 
of various sizes. The triangles are connected to each 
other using steel rods and the rods are welded onto each 
triangle at a point which would allow the triangle to 
balance horizontally.

c. Jim’s backyard is a triangular plot of land. He is using 
fencing to build a circular dog pen. He wants the dog pen 
to be as large as possible and needs to determine the 
location of the center of the circular dog pen.
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NOTES
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5. Complete the table to describe the construction required to 
determine each point of concurrency.

 

Point of Concurrency Located where the three 
 intersect.

Circumcenter

Incenter

Centroid

Orthocenter
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Assignment

Write
Describe the similarities and diff erences 
between each pair of terms.
1. concurrent and point of concurrency
2. incenter and orthocenter
3. centroid and circumcenter
4. altitude and median

Practice
1. Use a compass and straightedge to perform each construction.

Remember
For every triangle:
• The circumcenter is the point of concurrency of the 

perpendicular bisectors of each side.
• The incenter is the point of concurrency of the 

angle bisectors.
• The centroid is the point of concurrency of the medians.
• The orthocenter is the point of concurrency of 

the altitudes.

LESSON 4: What’s the Point?   •   M1-71

a. Construct the incenter of nDEF.

E

D F

c. Construct the circumcenter of nDEF.

e. Construct the centroid of nABC.

A

CB

b. Construct the circumcenter of nABC.

d. Construct the circumcenter of nGHI.

H

G

I

f. Construct the orthocenter of nJKL.

J L

K

B

A C

D

E F
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2. Write the term that best completes each statement.
a. The incenter of a triangle is the point of concurrency of the  of a triangle.
b. The circumcenter of a triangle is the point of concurrency of the  of a triangle.
c. The centroid of a triangle is the point of concurrency of the  of a triangle.
d. The orthocenter of a triangle is the point of concurrency of the  of a triangle.

Stretch
1.  The Euler Line is a line that represents the relationship between the centroid, circumcenter and 

orthocenter of any triangle.
a.  Construct an isosceles triangle and determine all four points of concurrency. How do the points 

relate to the Euler Line?
b. What happens if the triangle is equilateral?

2.  Determine the coordinates of the centroid of the triangle on the coordinate grid.

Review
1.  Write a conjecture about points on the perpendicular bisector of a line segment. 

Then, write the converse of the conjecture.
2.  Write a conjecture about the sides of an equilateral triangle. Then, write the converse of 

the conjecture.
3. Determine whether each statement is biconditional.

a.  If a fi gure is a square, then it is a rectangle.
b. If two angles are congruent, then they have the same measure.

M1-72   •   TOPIC 1: Composing and Decomposing Shapes

x6

1
2
3
4
5
6

A
B

C
–1
–2
–3
–4
–5
–6

0–5–4–3 –2–1 1 2 3 4 5–6
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